1 Introduction By using normal-pressure method as well as highpressure method, we have succeeded in synthesizing new mono-carbonitrides of W, Mo and W-70at%Mo alloy, i.e., W(C,N), Mo(C,N) and (W0.3MO0.7)(C,N), which are expected to be raw materials of hardmetals. In the former normalpressure method, W(C,N), Mo(C,N) and (W0.3MO0.7)(C,N) with 5, 15-17 and 21-23 at% nitrogen (N/metal) respectively, were obtained by heating powders of W and Mo metals and W-70at%Mo alloy in CH4 + NH3 mixed flowing gas (volume ratio: 1: 2) of normal pressure at 1373 1573 K (temperature-raising and cooling rates: 0.17 and 0.3 K/s, respectively). The heating profile is schematically Fig.1 Schematic illustration of the heating profile used in the previous studies, which was called "conventional profile". shown in Fig. 1 Table l Products obtained by heating three kinds of metals or alloy (commonly expressed as Me) , i.e., W, Mo and W-70at%Mo (M) powders i n CH, or NH3 at 1173 K for 3.6 ks. Products obtained by heating at the same temperature and for the same time with the conventional profile are also shown in the figure for comparison. Phases that had weak X-ray relative intensity were written in italic letters. The X-ray relative intensity of each phase is defined as (Ii/FJi) x 100(%) in the same manner as in the previous studies . Where, Ii (cps) i s the detected count of each particular diffraction peak and Fl; is the sum of each Ii . From Fig. 3 , the following main differences between the products obtained by two profiles were noticed on W, Mo and M, respectively.
X-ray relative intensity
(A) W: T$ dependency of X-ray relative intensity of W(C,N) obtained by profile (a) shown in Fig. (A) was nearly the same as that by the conventional profile shown in Fig. 3 (A below 1173 K during the temperature-raising stage from room temperature to the holding stage at 1173 K, but almost disappeared at the holding stage. On the other hand, in profile (b2), W2N was regenerated at temperatures below 973 K during the cooling from the holding stage at 1173 K to room temperature and also during the temperature-raising stage from room temperature to 973 K. Thus, the amount of remained W2N at the time of the generation of W(C,N) at 1373 K was larger in profile (c2) than that in profile (b2) and also the conventional profile, although W2N partially disappeared commonly by the temperature-raising stage to TS, resulting in the maximum N content in profile (c2). In short, the following could be conc1uded. (1) W(C,N) is generated from W and W2N at temperatures above about 973 K, while not from WC, and (2) W2N is more appropriate as the precursor of W(C,N) with higher N content, compared with W and WC.
(B) Mo: The X-ray relative intensity of Mo(C,N) phase and the N contents in the products obtained by profile (bl) (71 % and 10 at%, respectively) were almost same as those by profile (c1) (72% and 9 at%, respectively), as shown in Fig. 4 (B) . These relative intensities and N contents were considerably smaller and lower than those (98 % and 17 at%, respectively) by the conventional profile and also than those of the above W(C,N). These results and the above results in Figs. 3 (B) and (B) indicate or strongly suggest at least the following: Mo2C generated at 1173 K is more appropriate as the precursor of Mo(C,N) than Mo, taking into consideration that Mo2C generated at 1173 K (Table 1) is stable up to TS and Mo hardly contributed to the generation of Mo(C,N) as shown by the result of profile (a).
On the other hand, the X-ray relative intensities of Mo(C,N) obtained by heating profiles (b2) and (c2) and also the N contents of the products were considerably different from each other, as also shown in Fig. 4 (B) : they were 25 and 100 %, and 5 and 22 at%, respectively. These X-ray relative intensities, i.e., the relative amounts of Mo(C,N) obtained by profile (b2) and (c2) were considerably smaller and slightly larger than that (98 %) by the conventional profile and those N contents were considerably lower and fairly higher than that (17 at%) by the conventional profile. Such a large difference in the amount of Mo(C,N) and the N contents of the products between the products obtained by profiles (b2) and (c2) would be explained in a similar way as the result in the case of W(C,N), although the amount of Mo(C,N) in profile (b2) is considerably smaller than that of W(C,N). Namely, the amount of Mo2N remained at Ts in profile (c2) was larger than those in profile (b2) and the conventional profile, although a part of Mo2N disappeared commonly during the temperature-raising stage from about 873 K to Ts. Namely, Me2N compound is also strongly suggested as more appropriate precursor for Me(C,N) than Me and MeC or Me2C in the case of Mo, in a similar way as in the case of W(C,N) described above.
(C) W-70at%Mo (M): Almost all of the final products obtained by both profiles (b1) and (c1) were M(C,N) in a similar way as those by the conventional profile, as shown in Fig. 4 (C) , and the other phase was a small amount of M. However, the N contents (3 and 6 at%, respectively) of these M(C,N) were much lower than that (23 at%) by the conventional profile. This result also strongly suggests that nascent N atom generated by the dissociation of NH3 is difficult to dissolve into the crystal lattice of MC, in a similar way as in the case of WC, and that M and M2C are more appropriate precursor than MC for the generation of M(C,N) with higher N contents.\ On the other hand, the final products obtained by heating profile (b2) and (c2) were also almost all M(C,N), and the other phase was a small amount of M. The N contents of M(C,N) by these two profiles were also quite different from each other: 8 and 23 at%, respectively. These values was much lower and the same, respectively, compared with 23 at% by the conventional profile. These results would be also explained in a similar way as on the above W and Mo.
Here, it was noted that the N content of M(C,N) by profile (c2) was the same as that by the conventional profile, while the N contents of both W(C,N) and Mo(C,N) were larger than that by the conventional profile. This was probably because the dissociation temperature of M2N is higher than that of W2N and Mo2N as described above, and thus the contribution of M2N to the generation of M(C,N) in the conventional profile was nearly the same as that in profile (c2). Therefore, in the case of M, M2N was considered to be also an appropriate precursor for M(C,N), compared with M, M2C and MC, in a similar way as W and Mo. Namely, it was c1arified on all Me that the N content can be increased by using Me2N as the raw material and the conventional heating profile. However, the above increased 4 Summary The effects of the intermediate phases or the precursor on the final products, i.e., the amounts and nitrogen contents of the mono-carbonitrides synthesized by heating metals or alloy (Me), i.e., W, Mo and W-70at%Mo, in CH4+NH3 of normal-pressure were investigated by changing the atmosphere from CH4+NH3 to H2, C114 or N113 during the temperature-raising stage below the final synthesizing temperature of 1373 K. The following were clarified or strongly suggested from the results.
(1) Me2N compound was an appropriate intermediate phase or precursor for W(C,N), Mo(C,N) and (W0.3Mo0.7)(C,N) with higher nitrogen content. 
